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POLYOLEFIN COMPOSITIONS AND 
ARTICLES PREPARED THEREFROM, AND 
METHODS FOR MAKING THE SAME 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application claims priority to, and incorporates 
by reference in their entirety the contents of, US. Provisional 
Application Nos. 60/952,425 ?led on Jul. 27, 2007, and 
60/952,272 ?led on Jul. 27, 2007. 

FIELD OF INVENTION 

[0002] The invention provides compositions comprising 
the following: a) at least one ole?n multi-block interpolymer; 
b) at least one functionaliZed ole?n-based polymer; and c) at 
least one thermoplastic polyurethane. 

BACKGROUND OF THE INVENTION 

[0003] Polyole?ns, as a class of materials, have relatively 
poor adhesion and compatibility With more polar polymeric 
materials. In most cases, a separate adhesive is required in 
order to adhere polyole?ns to polar substrates like polyesters, 
polyamides, polyurethanes, and the like. Similarly, a third 
component compatibiliZer typically has to be used to prepare 
satisfactory melt blends of polyole?ns With other more polar 
therrnoplastics. HoWever, signi?cant amounts of compatibi 
liZers are usually required to maintain the intimate blend of 
the polyole?n and polyurethane. 
[0004] In North America, approximately 25 million lbs of 
?exible polyvinyl chloride (f-PVC) goes into therrnoformed 
sheeting for automotive applications, such as instrument and 
door panels. Such sheeting is grained, and is color matched 
With other interior components. Sheeting for automotive 
applications has to meet several end-use requirements. Key 
end-use requirements include a loW gloss value, a high sur 
face scratch/mar resistance, high heat resistance and good 
cold temperature impact resistance. In addition, the sheeting 
must have good adhesion to any intermediate polyurethane 
(PU) foam layer, for example a foam layer used to provide a 
softening or cushioning effect to an automotive panel. 
[0005] International Publication No. WO 00/63293 dis 
closes a thermoplastic polyurethane/ole?n-graft polymer 
blend With an optional compatibiliZing polymer. The com 
patibiliZing polymer is a modi?ed polyole?n selected from 
ionomers, or block and graft ole?n polymers that have an 
unsaturated organic compound in the main or side chain. 
[0006] European Application No. 0347794A1 discloses a 
thermoplastic compatible blended composition comprising: 
(A) from 15 to 60 Weight percent of a polyole?n, (B) from 30 
to 70 Weight percent of a thermoplastic polyurethane, and (C) 
from 10 to 35 Weight percent of at least one modi?ed poly 
ole?n de?ned as a random, block or graft ole?n copolymer 
having in a main or side chain thereof a functional group 
selected from carboxylic acid, carboxylate ester, carboxylic 
acid anhydride, carboxylate salts, amide, epoxy, hydroxy, or 
acyloxy. 
[0007] US. Pat. No. 6,251,982 discloses a compounded 
rubber composition comprising: (a) a hydrogenated, polydi 
ene diol based polyurethane having a hard segment content of 
10% or greater; (b) a non-polar extender oil in an amount 
from 10 to 400 phr; and/or (c) one or more thermoplastic 
resin(s) in an amount from 5 to 100 phr. 
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[0008] US. Pat. No. 5,578,680 discloses a vibration-ab 
sorbing elastomeric composite, Which comprises: (A) 
10-60% by Weight of at least one thermoplastic resin selected 
from the group consisting of ole?nic polymers, ethylene 
unsaturated ester copolymers and natural rubber, and (B) 
90-40% by Weight of a polyurethane resin, prepared by react 
ing a polyisocyanate With a polyol insitu in melted thermo 
plastic resin (A). The polyurethane (B) has a nitrogen atom 
content of at least 3% by Weight, and has a solubility param 
eter Which is higher by at least 2.5 than that of said thermo 
plastic resin and Wherein said composite has a Tan 6 of at least 
1.0 at 200 C. 

[0009] US. Pat. No. 4,883,837 discloses a thermoplastic 
compatible blended composition comprising from about 15 
to about 60 Weight percent of a polyole?n, from about 30 to 
about 70 Weight percent of a thermoplastic polyurethane, and 
from about 10 to about 35 Weight percent of at least one 
modi?ed polyole?n, de?ned as a random, block or graft ole?n 
copolymer having in a main or side chain thereof a functional 
group selected from carboxylic acid, carboxylate ester, car 
boxylic acid anhydride, carboxylate salts, amide, epoxy, 
hydroxy, and acyloxy. 
[0010] US. Pat. No. 4,198,327 discloses a composition for 
adhesion to polar materials, and Which comprises the folloW 
ing: a) from 99 to 70 parts by Weight of a modi?ed crystalline 
polyole?n having grafted thereto a monomer selected from 
unsaturated carboxylic acids and their anhydrides, esters, 
amides imides and metal salts, and Where the crystalline 
polyole?n has a degree of crystallinity, measured by an X-ray 
analysis, of at least 25 percent, and Which contains the graft 
ing monomer in an amount from 0.0001 to 3 percent by 
Weight, based on the total amount of the crystalline polyole?n 
and the grafting monomer; and b) from 1 to 30 parts by Weight 
of a hydrocarbon elastomer. 
[0011] US. Pat. No. 5,705,565 discloses a thermoplastic 
polymer blend comprising one or more thermoplastic poly 
mers, and a substantially linear ethylene polymer grafted With 
at least about 0.01 Weight percent of an unsaturated organic 
compound containing at least one site of ethylenic unsatura 
tion and at least one carbonyl group. The thermoplastic poly 
mer may be selected from polyurethane, polycarbonate, poly 
styrene, polyester, epoxy, polyamide, a polyole?n containing 
polar groups, acrylonitrile-butadiene-styrene copolymer, and 
mixtures thereof. 

[0012] European Patent Application No. 0657502A1 dis 
closes a thermoplastic composition containing a mixture of 
(a) a block copolyether ester, a block copolyether amide 
and/or a polyurethane, (b) a thermoplastic homo-co- or ter 
polymer that is incompatible With (a), and (c) a compatibi 
liZer. The compatibiliZer is chosen according to the nature of 
component (b). It Will have a backbone that is compatible 
With, and is preferably identical to, component (b) and a 
reactive group Which is compatible or interacts With compo 
nent (a). The reactive group may be grafted to this backbone 
using a grafting monomer having at least one alpha- or beta 
ethylenically unsaturated carboxylic acids and anhydrides, 
and derivatives thereof. 

[0013] US. Pat. No. 6,414,081 discloses a compatibiliZed 
blend comprising the folloWing: a) a non-polar thermoplastic 
elastomer comprising a thermoplastic polyole?n homopoly 
mer or copolymer and an ole?n rubber Which is fully 
crosslinked or partially crosslinked; and b) a polar thermo 
plastic polymer selected from thermoplastic polyurethane 
(TPU), chloro containing polymers, ?uoro containing poly 
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mers, polyesters, acrylonitrile-butadiene-styrene copoly 
mers, styrene-acrylonitrile copolymers, styrene-maleic anhy 
dride copolymer, polyacetal, polycarbonate, or 
polyphenylene oxide; and c) a compatibiliZer selected from i) 
a condensation copolymer formed from 10 to 90 Weight per 
cent of a functionaliZed ole?n polymer and 90 to 10 Weight 
percent of a polyamide, based on the total Weight of function 
aliZed polymer and polyamide, or ii) a blend of a functional 
iZed ole?n polymer and a polyamide, or iii) a mixture of (i) 
and (ii). 
[0014] U.S. Pat. No. 6,469,099 discloses a blend ofa poly 
meric hydrocarbon and a thermoplastic polyurethane, Which 
is compatibiliZed With a polymeric hydrocarbon that contains 
loW concentrations of isocyanate reactive group. The com 
patibiliZer can be prepared by reacting a modi?ed polymer 
having pendant, or incorporated, amine-reactive groups With 
a hydroxylamine, a diamine, or a polyethermonoamine. The 
compatibiliZed blend may further include a non-TPU engi 
neering thermoplastic to form compatible blends of the poly 
meric hydrocarbon and the non-TPU engineering thermo 
plastic. 
[0015] International Publication No. W0 00/ 63293 dis 
closes a polymer composition comprising a thermoplastic 
polyurethane, and a ?rst ole?n graft polymer, the graft poly 
mer including at least one ?rst graft moiety and at least one 
second graft moiety, the ?rst graft moiety being a silane 
moiety that promotes crosslinking of the grafted elastomer in 
the presence of moisture, the second graft moiety being an 
unsaturated organic compound, that, prior to grafting, con 
tains at least one ethylenic unsaturation and a polar function 
ality that promotes compatibiliZation of the ole?n and the 
thermoplastic urethane. 
[0016] U.S. Pat. No. 5,902,854 discloses compositions 
comprising ethylene interpolymers, such as a linear or sub 
stantially linear ethylene interpolymer and polydimethylsi 
loxane. The compositions may further comprise an ethylene 
homopolymer or interpolymer grafted With maleic anhydride 
or succinic anhydride groups. The compositions have good 
abrasion resistance Without sacri?cing coef?cient of friction. 

[0017] U.S. Pat. No. 4,397,916 discloses a laminated mul 
tilayer structure composed of (A) a layer of a graft-modi?ed 
ethylene resin grafted With an unsaturated carboxylic acid or 
a functional derivative thereof, and (B) an oxygen- or nitro 
gen-containing polar resin layer or a metal layer in contact 
With the layer (A). The layer (A) is characterized, in part, as 
consisting of (i) 1 to 100% by Weight of said graft-modi?ed 
ethylene resin derived from an ethylene polymer Which con 
tains 0 to 15 mole % of at least one alpha-ole?n having 3 to 30 
carbon atoms as a comonomer and (ii) 99 to 0% by Weight of 
an unmodi?ed ethylene polymer containing 0 to 50 mole % of 
at least one alpha-ole?n having 3 to 30 carbon atoms as a 
comonomer. 

[0018] International Publication No. WO 96/27622 dis 
closes a method of producing nucleophilic amine functional 
iZed polyole?ns, by reacting a polymer, carrying an electro 
philic functional group, With a diamine having amino end 
groups, Which have different reactivities. The nucleophilic 
amine functionaliZed polyole?n has the composition: Poly 
ole?n-XiR1-NHR2, Where X is selected from the group of 
imide, amide, sulphonamide or amine, R1 is a bivalent 
organic radical, R2 is H or an alkyl group. The nucleophilic 
amine functionaliZed polyole?n has use as a compatibiliZer, 
an adhesive, a dyeable material and a dyeable improver. 
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[0019] International Publication No. WO 93/02113 dis 
closes graft polymers containing reactive amine functional 
ity, and Which are prepared by: a) providing a thermoplastic 
polymer containing at least one electrophilic functionality 
suf?cient to react With primary amino groups; and b) melt 
reacting With a chemical compound comprising a one pri 
mary amine and one secondary amine, the secondary amine 
having reactivity approximately equal to or less than the 
primary amine. By utiliZation of the selected diamine con 
taining chemical compounds, crosslink formation is essen 
tially avoided. The use of the graft polymer as modi?er and 
compatibiliZer of polymer compositions is described 
[0020] International Publication No. WO 03/008681 dis 
closes ?bers having improved resistance to moisture at 
elevated temperatures, and Which comprise at least tWo elas 
tic polymers, one polymer heat-settable and the other poly 
mer heat-resistant, the heat-resistant polymer comprising at 
least a portion of the exterior surface of the ?ber. The ?bers 
typically have a bicomponent and/or a biconstituent core/ 
sheath morphology. Typically, the core comprises an elastic 
thermoplastic urethane, and the sheath comprises a homoge 
neously branched polyole?n, preferably a homogeneously 
branched substantially linear ethylene polymer. A ?ber com 
ponent may contain a functionaliZed polyethylene. (See also 
WO 03/008680). 
[0021] Examples of other compositions With functional 
constituent(s) are disclosed in U.S. Pat. No. 5,623,019; U.S. 
Pat. No. 6,054,533; U.S. Pat. No. 5,578,680; EP1672046; 
EP0734419B1; EP0657502A1. Additional functionaliZed 
polymers and/or compositions are disclosed in International 
Publication No. WO 99/02603 and U.S. Publication No. 
2004/0106744. 
[0022] There remains a need for loW cost polyole?n com 
positions that can be used to as good adherents to polar 
substrates, such as substrates formed from polyurethane, 
polycarbonate and polyamide. There is a further need for such 
compositions that can be used in over-molding applications, 
and Which provide improved adhesion to polar substrates. 
Some of these needs and others have been met by the folloW 
ing invention. 
[0023] There also remains a need for loW cost polyole?n 
compositions that are capable of further comprising polyure 
thanes and/or comprising loW levels, preferably less than 10 
Weight percent, compatibiliZers. It is of further bene?t if such 
compositions can be used as good adherents to polar sub 
strates, such as substrates formed from polyurethane, poly 
carbonate and polyamide. It is of even further bene?t if 
articles, such as sheets and ?lms, that have high surface ener 
gies and good adhesion properties can be made. There is a 
further need for loW cost compatibliZed blends that have 
improved heat aging performance, and are particularly suited 
for automotive interior applications that experience elevated 
temperatures (as high as 1200 C.). There is a further need for 
such compositions that can be used in over-molding applica 
tions and provide improved adhesion to polar substrates. 
Other potentially useful applications include automotive inte 
rior applications (thermoformed skins), and Which provide 
one or more of the folloWing properties: a luxurious feel, 
loWer gloss, and improved grain replication required for 
negative pressure thermoforming processes. Some of these 
needs and others have been met by the folloWing invention. 
[0024] There is also a need to develop polyole?n composi 
tions containing a polyurethane component, and Which 
require a minimal amount compatibiliZer or other type of 
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stabilization agent to maintain the stability of the polymer 
phases of the composition, and Which have high surface ener 
gies and good adhesive properties. Some of these needs and 
others have been met by the following invention. 
[0025] There remains a need for improved, loW cost poly 
ole?n/polyurethane compositions containing loW levels, 
preferably less than 10 Weight percent (based on total Weight 
of composition), compatibilizers, and that can be used to for, 
articles, such as sheets and ?lms, and Which have high surface 
energies, preferably greater than 30 dyne/ cm, and good adhe 
sion properties. There is an additional need for loW cost 
compatiblized compositions that have improved heat aging 
performance, and are particularly suited for automotive inte 
rior applications that experience elevated temperatures (as 
high as 120° C.). There is a further need for such composi 
tions that can be used in automotive interior applications 
(thermoformed skins), and Which provide one or more of the 
folloWing properties: a luxurious feel, loWer gloss, and 
improved grain replication required for negative pressure 
thermoforming processes. 
[0026] There are additional needs for suitable thermoplas 
tic polyole?n compositions, Which can be used to form sheets 
that do not require a polyurethane top-coating for gloss or 
scratch control, and Which have good adhesion to polyure 
thane foams. There is also a need to develop a Wheatherable, 
loW gloss and/or good scratch mar resistance sheet that has 
good adhesion to PU foams, PU adhesives and coatings. 
There are additional needs for suitable thermoplastic poly 
ole?n compositions, Which can be used to form ?lms and 
injection molded articles. Some of these needs and others 
have been met by the folloWing invention. 

SUMMARY OF THE INVENTION 

[0027] The invention provides a composition comprising at 
least the folloWing: 
A) an ole?n multi-block interpolymer; 
B) a functionalized ole?n-based polymer; and 
C) a thermoplastic polyurethane. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0028] FIG. 1 depicts melting point as a function of density 
for several ethylene/ot-ole?n multi-block interpolymers (in 
ventive polymers) and comparative polymers (traditional ran 
dom and Ziegler-Natta). 
[0029] FIG. 2 depicts “DSC Tm-Crystaf Tc” as a function 
of Heat of Fusion for several polymers. 
[0030] FIG. 3 depicts the effect of density on elastic recov 
ery for unoriented ?lms made from certain ole?n multi-block 
interpolymers and some traditional random copolymers. 
[0031] FIG. 4 depicts comonomer content versus TREF 
elution temperature for several random ethylene/1-octene 
copolymers and a multi-block ethylene/1-octene copolymer. 
[0032] FIG. 5 depicts TREF pro?les and comonomer con 
tent for multi-block copolymer (Example 5) and a compara 
tive copolymer (Example 13*). 
[0033] FIG. 6 depicts storage modulus as a function of 
temperature for several multi-block copolymers (inventive 
polymers) and comparative random copolymers. 
[0034] FIG. 7 depicts TMA (Thermomechanical Analysis) 
data versus ?ex modulus data for a multi-block copolymer 
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(inventive polymer) and some comparative examples (Ver 
sifyTM, Ethylene/ Styrene, Af?nityTM). 

DETAILED DESCRIPTION OF THE INVENTION 

[0035] As discussed above, the invention provides a com 
position comprising at least the folloWing: 

[0036] A) an ole?n multi-block interpolymer; 
[0037] B) a functionalized ole?n-based polymer; and 

optionally 
[0038] C) a thermoplastic polyurethane. 

[0039] In another embodiment, the ole?n multi-block inter 
polymer is an ethylene/ot-ole?n multi-block interpolymer, 
Which has one or more of the folloWing characteristics: 
[0040] (1) an average block index greater than zero and up 
to about 1.0 and a molecular Weight distribution, MW/Mn, 
greater than about 1.3; or 
[0041] (2) at least one molecular fraction Which elutes 
betWeen 40° C. and 130° C. When fractionated using TREF, 
characterized in that the fraction has a block index of at least 
0.5 and up to about 1; or 
[0042] (3) an MW/Mn from about 1.7 to about 3.5, at least 
one melting point, Tm, in degrees Celsius, and a density, d, in 
grams/ cubic centimeter, Wherein the numerical values of Tm 
and d correspond to the relationship: 

[0043] (4) an MW/Mn from about 1.7 to about 3.5, and is 
characterized by a heat of fusion, AH in J/g, and a delta 
quantity, AT, in degrees Celsius, de?ned as the temperature 
difference betWeen the tallest DSC peak and the tallest CRY 
STAF peak, Wherein the numerical values of AT and AH have 
the folloWing relationships: 

AT>—0.1299(AH)+62.81 for AH greater than zero and 
up to 130 J/g, 

ATZ48° C. for AH greater than 130 J/g, 

Wherein the CRYSTAF peak is determined using at least 5 
percent of the cumulative polymer, and if less than 5 percent 
of the polymer has an identi?able CRYSTAF peak, then the 
CRYSTAF temperature is 30° C.; or 
[0044] (5) an elastic recovery, Re, in percent at 300 percent 
strain and 1 cycle measured With a compression-molded ?lm 
of the ethylene/ot-ole?n interpolymer, and has a density, d, in 
grams/ cubic centimeter, Wherein the numerical values of Re 
and d satisfy the folloWing relationship When ethylene/0t 
ole?n interpolymer is substantially free of a cross-linked 
phase: Re>1481-1629(d); or 
[0045] (6) a molecular fraction Which elutes betWeen 40° 
C. and 130° C. When fractionated using TREF, characterized 
in that the fraction has a molar comonomer content of at least 
5 percent higher than that of a comparable random ethylene 
interpolymer fraction eluting betWeen the same temperatures, 
Wherein said comparable random ethylene interpolymer has 
the same comonomer(s) and has a melt index, density, and 
molar comonomer content (based on the Whole polymer) 
Within 10 percent of that of the ethylene/ot-ole?n interpoly 
mer; or 

[0046] (7) a storage modulus at 25° C., G'(25° C.), and a 
storage modulus at 100° C., G'(100° C.), Wherein the ratio of 
G'(25° C.) to G'(100° C.) is in the range ofabout1:1 to about 
9: 1. 
[0047] The ole?n multi-block interpolymer may have a 
combination of tWo or more embodiments as described 

herein. 
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[0048] In one embodiment, the functionaliZed ole?n-based 
polymer, also referred to as a polyole?n, is formed from an 
ole?n-based polymer and at least one organic compound 
selected from an “amine-containing compound,” a 
“hydroxyl-containing compound,” an “imide-containing 
compound”, an “anhydride-containing compounds,” or a 
“carboxylic acid-containing” compound. 
[0049] In another embodiment, the anhydride-containing 
compound is maleic anhydride. 
[0050] In another embodiment, the functionaliZed ole?n 
based polymer is present in an amount less than, or equal to, 
20 Weight percent, based on the total Weight of the composi 
tion. In another embodiment, the functionaliZed ole?n-based 
polymer is present in an amount less than, or equal to, 10 
Weight percent, based on the total Weight of the composition. 
In another embodiment, the at least one functionaliZed poly 
mer is present in an amount less than, or equal to, 5 Weight 
percent, based on the total Weight of the composition. 
[0051] In another embodiment, the functionaliZed ole?n 
based polymer is present in an amount greater than, or equal 
to, 20 Weight percent, based on the total Weight of the com 
position. In another embodiment, the at least one functional 
iZed ole?n-based polymer is present in an amount greater 
than, or equal to, 30 Weight percent, based on the total Weight 
of the composition. In another embodiment, the at least one 
functionaliZed ole?n-based polymer is present in an amount 
greater than, or equal to, 40 Weight percent, based on the total 
Weight of the composition. 
[0052] In another embodiment, the functionaliZed ole?n 
based polymer has a density from about 0.85 g/cc to about 
0.91 g/cc. In another embodiment, the at least one function 
aliZed ole?n-based polymer has a density from about 0.84 
g/cc to about 0.93 g/cc. In another embodiment, the at least 
one functionaliZed ole?n-based polymer has a density from 
about 0.85 g/cc to about 0.93 g/cc. In another embodiment, 
the at least one functionaliZed ole?n-based polymer has a 
density from about 0.84 g/cc to about 0.90 g/cc. 
[0053] In another embodiment, the functionaliZed ole?n 
based polymer has a melt index (I2) from 0.1 g/ 10 min to 100 
g/ 10 min, preferably from 0.2 to 100 g/ 10 min. In another 
embodiment, the functionaliZed ole?n-based polymer has a 
melt index (I2) from 1 g/ 10 min to 50 Q10 min. In another 
embodiment, the at least one functionaliZed ole?n-based 
polymer has a melt index (I2) from 1 g/ 10 min to 10 Q10 min. 
In another embodiment, the at least one functionaliZed poly 
ole?n has a melt index (I2) from 1 g/ 10 min to 20 g/ 10 min. 
[0054] In another embodiment, the functionaliZed ole?n 
based polymer is formed from an ethylene-based polymer. In 
a further embodiment, the ethylene-based polymer is an eth 
ylene/ot-ole?n interpolymer. In another embodiment, the 
ot-ole?n is a C3-C20 ot-ole?n, and preferably, a C3-C10 
ot-ole?n. In a further embodiment, the ot-ole?n is selected 
from the group consisting of 1-propene, 1-butene, 1-hexene, 
and 1-octene, and preferably 1-butene and 1-octene. In 
another embodiment, the ethylene/ot-ole?n interpolymer, 
used to form the functionaliZed ole?n-based polymer, further 
comprises a diene. In another embodiment, the ethylene/0t 
ole?n interpolymer has a density from 0.85 g/cc to 0.93 Qcc. 
In another embodiment, the ethylene/ot-ole?n interpolymer 
has a melt index (I2) from 0.01 g/10 min to 1500 Q10 min. 
[0055] In another embodiment, the ethylene/ot-ole?n inter 
polymer, used to form the functionaliZed ole?n-based poly 
mer, is a homogeneously branched linear interpolymer or a 
homogeneously branched substantially linear interpolymer. 
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In another embodiment, the ethylene/ot-ole?n interpolymer, 
used to form the functionaliZed ole?n-based polymer, is a 
homogeneously branched substantially linear interpolymer. 
[0056] In another embodiment, the functionaliZed ole?n 
based polymer is formed from a propylene-based polymer. In 
another embodiment, the propylene-base polymer is a propy 
lene/ ethylene interpolymer or a propylene/ot-ole?n interpoly 
mer. In another embodiment, the propylene-base polymer is a 
propylene/ot-ole?n interpolymer Wherein the ot-ole?n is a 
C4-C20 ot-ole?n, and preferably, a C4-C10 ot-ole?n. In 
another embodiment, the ot-ole?n is selected from the group 
consisting of 1-butene, 1-hexene, and 1-octene. In another 
embodiment, the propylene/ot-ole?n interpolymer has a den 
sity from 0.85 Qcc to 0.93 g/cc. In another embodiment, the 
propylene/ot-ole?n interpolymer has a melt index (I2) from 
0.01 g/ 10 min to 1500 g/ 10 min. In another embodiment, the 
propylene-base polymer is a propylene/ethylene interpoly 
mer. In a further embodiment, the propylene/ ethylene inter 
polymer has a density from 0.85 g/cc to 0.93 g/cc. In another 
embodiment, the propylene/ ethylene interpolymer has a melt 
index from 0.01 g/10 min to 1500 g/10 min. 
[0057] In another embodiment, the functionaliZed ole?n 
based polymer is formed from an ole?n multi-block inter 
polymer. 
[0058] In another embodiment, the functionaliZed ole?n 
based polymer is formed from a process comprising the fol 
loWing steps: 

[0059] 1) grafting onto the backbone of a ole?n-based 
polymer at least one compound comprising at least one 
“amine-reactive” group to form a grafted ole?n-based 
polymer; 

[0060] 2) reacting a primary-secondary diamine With the 
grafted ole?n-based polymer; and 
[0061] Wherein step 2) takes place subsequent to step 

1), Without the isolation of the grafted ole?n-based 
polymer, and Wherein both steps take place in a melt 
reaction. 

[0062] In a further embodiment, the primary-secondary 
diamine is selected from the group consisting N-ethylethyl 
enediamine, N-phenylethylenediamine, N-phenyl-1,2-phe 
nylene-diamine, N-phenyl-1,4-phenylenediamine, and N-(2 
hydroxyethyl)-ethylenediamine. 
[0063] In another embodiment, the functionaliZed ole?n 
based polymer comprises the folloWing functional group 
covalently bonded to the ole?n-based polymer backbone: 

[0064] Wherein “NRINHRZ” may be derived from a pri 
mary-secondary diamine selected from the group of com 
pounds of structure (I) beloW: 

HZNiRIiNHiRZ (I), 

[0065] wherein R1 is a divalent hydrocarbon radical pref 
erably selected from the group consisting of alkylene, phe 
nylene and more preferably iCH2CH2-, -para-phenylene-, 
-ortho-phenylene-, and 
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[0066] R2 is a monovalent hydrocarbon radical containing 
at least 2 carbon atoms, and optionally may be substituted 
With a heteroatom containing group, preferably an alkyl or 
aryl group and more preferably an ethyl or a phenyl group. 
[0067] In a further embodiment, the primary-secondary 
diamine is selected from the group consisting of N-ethyleth 
ylenediamine, N-phenyl-ethylenediamine, N-phenyl-l,2 
phenylene-diamine, N-phenyl-l,4-phenylenediamine, and 
N-(2-hydroxyethyl)-ethylenediamine. 
[0068] In another embodiment, the functionaliZed ole?n 
based polymer is formed from a process comprising the fol 
loWing steps: 

[0069] l) functionaliZing the ole?n-based polymer With 
at least one compound comprising at least one “amine 
reactive” group to form a grafted ole?n-based polymer; 

[0070] 2) blending the grafted ole?n-based polymer, in a 
solid, non-molten form, With at least one primary-sec 
ondary diamine; 

[0071] 3) imbibing the primary-secondary diamine into 
the grafted ole?n-based polymer; 

[0072] 4) reacting the primary-secondary diamine With 
the grafted ole?n-based polymer to form an imide func 
tionaliZed ole?n-based polymer. 

[0073] In one embodiment, the imbibing step takes place at 
room temperature. In another embodiment, the blending step 
takes place at room temperature. 
[0074] In another embodiment, the at least one functional 
iZed ole?n-based polymer is formed from a process compris 
ing the folloWing steps: 

[0075] l) grafting onto the backbone of a ole?n-based 
polymer at least one compound comprising at least one 
“amine-reactive” group to form a grafted ole?n-based 
polymer; 

[0076] 2) reacting a alkanolamine With the grafted ole 
?n-based polymer; and Wherein step 2) takes place sub 
sequent to step 1), Without the isolation of the grafted 
ole?n-based polymer, and Wherein both steps 1) and 2) 
take place in a melt reaction. 

[0077] In a further embodiment, the alkanolamine is 
selected from the group consisting of 2-aminoethanol, 
2-amino-l -propanol, 3-amino- l -propanol, 2-amino-l -bu 
tanol, 2-(2-aminoethoxy)-ethanol and 2-aminobenZyl alco 
hol. 
[0078] In another embodiment, the at least one functional 
iZed ole?n-based polymer comprises the folloWing functional 
group covalently bonded to the ole?n-based polymer back 
bone: 

O 

[0079] Wherein “NRlOH” may be derived from an alkanol 
amine selected from the group of compounds of structure (II) 
beloW: 

H2NiR14OH (II), 

[0080] wherein R1 is a divalent hydrocarbon radical, pref 
erably R1 is substituted or unsubstituted alkylene, more pref 
erably R1 is selected from the group consisting of ethylene, 
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propylene, butylene, and alkylene substituted With one or 
more groups selected from the group consisting of alkoxy and 
phenyl groups, and more preferably R1 is ‘CH 
(OCH2CH2Me)CH2i or and -orthophenylene-CH2i. 
[0081] In a further embodiment, the alkanolamine is 
selected from the group consisting of 2-aminoethanol, 
2-amino-l -propanol, 3-amino-l -propanol, 2-amino- l -bu 
tanol, 2-(2-aminoethoxy)-ethanol and 2-aminobenZyl alco 
hol. 

[0082] In another embodiment, the at least one functional 
iZed ole?n-based polymer is formed from a process compris 
ing the folloWing steps: 

[0083] l) grafting onto the backbone of a ole?n-based 
polymer, in a melt reaction, at least one compound of the 
folloWing formula (IV) to form a grafted ole?n-based 
polymer: 

(1V) 
0 

R1 
OH 

X, 
R2 \\ R4/ 

R3 
0 

[0084] 2) and thermally treating the grafted ole?n-based 
polymer to form the imide functionaliZed ole?n-based 
polymer, and wherein R1 and R2 are, independently, 
either hydrogen or a C1 -C20 hydrocarbyl radical, Which 
is linear or branched; R3 is hydrogen or a C1 -C20 hydro 
carbyl radical, Which is linear or branched; R4 is a diva 
lent hydrocarbyl radical, Which is linear or branched; X 
is OH or NHR5, Where R5 is a hydrocarbyl radical, 
Which is linear or branched, or a hydroxyethyl group. 

[0085] In a further embodiment, R1 and R2 are, indepen 
dently, either hydrogen or a Cl -Cl0 hydrocarbyl radical. In 
another embodiment, R3 is either hydrogen or a Cl-ClO 
hydrocarbyl radical, and Wherein R4 is a divalent Cl-C20 
hydrocarbyl radical. 
[0086] In another embodiment, the functionaliZed ole?n 
based polymer comprises the folloWing functional group 
covalently bonded to the ole?n-based polymer backbone: 

0 
R1 

N — R4 — X, 

R2 
0 

[0087] Wherein R 1 and R2 are, independently, either hydro 
gen or a Cl-C20 hydrocarbyl radical, Which is linear or 
branched; R4 is a divalent hydrocarbyl radical, Which is linear 
or branched; X is OH or NHRS, Where R5 is a hydrocarbyl 
radical, Which is linear or branched, or a hydroxyethyl group. 

[0088] In a further embodiment, R1 and R2 are, indepen 
dently, either hydrogen or a Cl -Cl0 hydrocarbyl radical. In 
another embodiment, R4 is a divalent Cl-C20 hydrocarbyl 
radical. 
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[0089] The functionaliZed ole?n-based polymer may have 
a combination of tWo or more embodiments as described 

herein. 

[0090] In another embodiment, the thermoplastic polyure 
thane comprises chemical units derived from the following: 
(1) a polyester and (2) an aromatic diisocyanate or aliphatic 
diisocyanate. In another embodiment, the thermoplastic poly 
urethane comprises chemical units derived from a polyester, 
and at least one aromatic diisocyanate. In another embodi 
ment the thermoplastic polyurethane comprises chemical 
units derived from a polyester, and at least one aliphatic 
diisocyanate. In another embodiment, the thermoplastic poly 
urethane comprises chemical units derived from a polyester 
and a mixture of 1,3-bis(isocyanatomethyl)-cyclohexane and 
1 ,4-bis(isocyanatomethyl)-cyclohexane. In a further embodi 
ment, the Weight ratio of the 1,3 -bis(isocyanatomethyl)cyclo 
hexane to the 1,4-bis(isocyanatomethyl)cyclohexane is about 
1 to 1. 

[0091] In another embodiment, the polyurethane is formed 
from a polyester Which comprises a monomeric unit derived 
from diol derivative derived from N-octyl pyrrolidone. In 
another embodiment, the polyurethane is formed from a poly 
ester Which comprises a monomeric unit derived from poly 
tetramethylene ether glycol. In another embodiment, the 
polyurethane is formed from a polyester Which comprises a 
monomeric unit derived from a polyether. In another embodi 
ment the thermoplastic polyurethane is a PELLETHANETM 
polyurethane. 
[0092] In a further embodiment, the polyester is formed 
from caprolactone. 
[0093] In another embodiment, the thermoplastic polyure 
thane has a density from 0.90 g/cc to 1.3 g/ cc. In another 
embodiment, the thermoplastic polyurethane has a melt index 
(I2) from 0.2 g/ 10 min to 100 g/ 10 min. In another embodi 
ment, the thermoplastic polyurethane has a melt index (I2) 
from 1 g/10 min to 100 g/ 10 min. In another embodiment the 
at least one thermoplastic polyurethane has a melt index (I2) 
from 0.2 g/ 10 min to 10 g/10 min. In another embodiment the 
at least one thermoplastic polyurethane has a melt index (I2) 
from 1 g/10 min to 10 g/10 min. 
[0094] In another embodiment the thermoplastic polyure 
thane comprises a monomeric unit derived from diol deriva 
tive derived from N-octyl pyrrolidone. In another embodi 
ment the thermoplastic polyurethane comprises a monomeric 
unit derived from polytetramethylene ether glycol. In a fur 
ther embodiment the thermoplastic polyurethane comprises a 
monomeric unit derived from a polyether. 

[0095] The thermoplastic polyurethane may have a combi 
nation of tWo or more embodiments as described herein. 

[0096] An inventive composition may further comprise one 
or more additives. For example, an inventive composition 
may further comprise at least one ?ller. In another embodi 
ment the ?ller is a talc or a talc Which has been surface 
modi?ed With at least one amino silane. In another embodi 
ment, an inventive composition may comprise a polar poly 
mer selected from the group consisting of polyesters, polya 
mides, polyethers, polyetherimides, polyvinylalcohols, 
polycarbonates, polyurethanes, polylactic acids, polyamide 
esters, and combinations thereof. 

[0097] In one embodiment, the composition further com 
prises a loW density polyethylene (LDPE). In a further 
embodiment, the LDPE has a melt index from 0.2 to 100 g/10 
min (1900 C./2.16 kg). In a further embodiment, the LDPE 
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has a melt index from 0.5 to 50 g/10 min (190° C./2.16 kg). In 
a further embodiment, the LDPE has a melt index from 1 to 25 
g/10 min (190° C./2.16 kg). 
[0098] In another embodiment, the composition has a sur 
face energy greater than, or equal to, 35 dynes/cm. 
[0099] An inventive composition may comprise a combi 
nation of tWo or more embodiments as described herein. 

[0100] The invention also provides an article comprising at 
least one component formed from an inventive composition. 
In a further embodiment, the article is a sheet, a carpet, an 
adhesive, a Wire sheath, a cable, a protective apparel, an 
automotive part, a footWear component, a coating, or a foam 
laminate, an overmolded article, an automotive skin, an 
aWning, a tarp, a leather article, a roo?ng construction article, 
a steering Wheel, a poWder coating, a poWder slush molding, 
a consumer durable, a grip, a handle, a computer component, 
a belt, an applique, a footWear component, a conveyor or 

timing belt, or a fabric. 

[0101] In another embodiment, the article is a tie layer 
betWeen extruded sheets, a tie layer betWeen extruded ?lms, 
a tie layer betWeen extruded pro?les, a tie layer betWeen cast 
sheets, tie layer betWeen cast ?lms, a tie layer betWeen cast 
pro?les, or a tie layer betWeen a combination of the afore 
mentioned. 

[0102] The invention also provides a ?lm comprising at 
least one layer formed from an inventive composition. In 
another embodiment, the invention provides a ?lm compris 
ing at least tWo layers, and Wherein at least one layer is formed 
from an inventive composition. In another embodiment, an 
inventive ?lm has a moisture vapor transmission rate of at 
least 7 g/hr/ft2. 
[0103] The invention also provides an extruded sheet 
formed from an inventive composition. In a further embodi 
ment, the sheet has a surface energy greater than, or equal to, 
30 dyne/ cm, preferably greater than, or equal to, 33 dyne/ cm, 
more preferably greater than, or equal to 35 dyne/cm. In 
another embodiment, the sheet has a thickness from 10 mils to 
1000 mils, preferably from 15 mils to 500 mils, and more 
preferably from 20 mils to 100 mils. In another embodiment, 
the sheet maintains at least 50 percent, preferably at least 60 
percent, of its original elongation after heat aging at 120° C. 
for 500 hours (ASTM D-882-02). 
[0104] The invention also provides a painted substrate, 
Wherein the substrate is formed from an inventive composi 
tion. In one embodiment, the paint comprises at least one 
additive selected from the group consisting of an acrylic 
polymer, an alkyl resin, a cellulose-based material, a 
melamine resin, a urethane resin, a carbamate resin, a poly 
ester resin, a vinyl acetate resin, an epoxy, a polyol and/ or an 
alcohol. In another embodiment, the paint is a Water-based 
paint. In another embodiment, the paint is an organic solvent 
based paint. 
[0105] The invention also provides a dispersion comprising 
an inventive composition. In another embodiment, the disper 
sion further comprises at least one additive of selected from 
the group consisting of an acrylic polymer, an alkyd resin, a 
cellulose-based material, a melamine resin, a urethane resin, 
a carbamate resin, a polyester resin, a vinyl acetate resin, an 
epoxy a polyol, an alcohol, and combinations thereof. In 
another embodiment, the dispersion is a Water-based disper 
sion. In another embodiment, the dispersion is an organic 
solvent-based dispersion. 
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[0106] The invention also provides an injection molded 
article comprising at least one component formed from an 
inventive composition. 
[0107] The invention also provides an RF Welded article 
comprising at least one component formed from an inventive 
composition. 
[0108] The invention also provides an over-molded article 
comprising the following: (a) a substrate formed from a com 
position comprising a polar polymer, and (b) a molded over 
lay forrned from an inventive composition. In one embodi 
ment, the polar polymer is a polycarbonate (PC), ABS, 
PC/ABS, or nylon. The invention also provides an over 
molded article comprising the following: (a) a substrate 
formed from an inventive composition, and (b) a molded 
overlay formed from a composition comprising a polar poly 
mer. In one embodiment, the article is in the form of a grip, 
handle or belt. 

[0109] The invention also provides a laminated structure 
comprising a ?rst layer and a second layer, and Wherein the 
?rst layer is formed from an inventive composition, and 
Wherein the second layer is formed from a composition com 
prising a polar polymer. In another embodiment, one of the 
layers is in the form of a foam. In another embodiment, one of 
the layers is in the form of a fabric. In another embodiment, 
the laminated structure is in the form of an aWning, tarp or 
automobile skin or steering Wheel. In another embodiment, 
the second layer is formed from a composition comprising a 
polycarbonate. 
[0110] The invention also provides a molded article com 
prising a ?rst component and a second component, and 
Wherein the ?rst component is formed from a composition 
comprising a polar polymer, and Wherein the second compo 
nent is formed from an inventive composition. In another 
embodiment, the article is in the form of an automobile skin, 
an applique, a footWear component, a conveyor belt, a timing 
belt or a consumer durable. 

[0111] The invention also provides a footWear article com 
prising at least one component formed from an inventive 
composition. In a further embodiment, the article is selected 
from the group consisting of shoe outsole, shoe midsole, shoe 
unitsole, an overmolded article, a natural leather article, a 
synthetic leather article, an upper, a laminated article, a 
coated article, a boot, a sandal, galoshes, a plastic shoe, and 
combinations thereof. 

[0112] The invention also provides a therrnoformed sheet 
comprising at least one layer formed from an inventive com 
position. 
[0113] The invention also provides an automotive part 
comprising at least one layer formed from an inventive com 
position. The invention also provides an automotive part such 
as an instrument panel or a door panel formed from an inven 
tive composition. 
[0114] The invention also provides arti?cial leather com 
prising at least one component formed from an inventive 
composition. 
[0115] The invention also provides arti?cial turf compris 
ing at least one component formed from an inventive compo 
sition. 

[0116] The invention also provides an adhesive comprising 
at least one component formed from an inventive composi 
tion. The invention also provides a coated substrate compris 
ing an inventive adhesive, and at least one component formed 
from Kevlar. 
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[0117] The invention also provides an article formed from 
an inventive composition, and Wherein the article has a sur 
face energy greater than, or equal to, 35 dynes/cm. 
[0118] An inventive article may comprise a combination of 
tWo or more embodiments as described herein. 

[0119] The invention also provides a bloWn ?lm compris 
ing at least one layer formed from an inventive composition. 
[0120] In one embodiment the bloWn ?lm is an adhesive 
?lm. 
[0121] In one embodiment, bloWn ?lm is a component of an 
automotive part. 
[0122] In one embodiment, the bloWn ?lm is a component 
of footWear component. In a further embodiment, the foot 
Wear component is selected from the group consisting of a 
shoe outsole, a shoe midsole, a shoe unitsole, an overmolded 
article, a natural leather article, a synthetic leather article, an 
upper, a laminated article, a coated article, a boot, a sandal, 
galoshes, a plastic shoe, and combinations thereof. 
[0123] In one embodiment, the bloWn ?lm is a barrier ?lm. 
In a further embodiment, the barrier ?lm is located betWeen a 
fabric and a polyurethane foam. 
[0124] In one embodiment, the bloWn ?lm is a component 
of ?ooring article. 
[0125] The invention also provides an injection molded 
article comprising at least one component formed from an 
inventive composition. In one embodiment, the composition 
in the form of an “at press blend.” In another embodiment, the 
composition is in the form of a compounded blend. 
[0126] The invention also provides an overmolded article 
comprising at least one component formed from an inventive 
composition. In one embodiment, the composition in the 
form of an “at press blend.” In another embodiment, the 
composition is in the form of a compounded blend. 
[0127] The invention also provides a method of making an 
inventive composition, said method comprising melt mixing 
Components A, B and optionally C. In one embodiment, the 
desired components are mixed simultaneously. In another 
embodiment, the desired components are mixed sequentially, 
in any order. In another embodiment, the melt mixing takes 
place in an extruder. In another embodiment, the melt mixing 
takes place in an “in-line” compounding process. 
[0128] An inventive process may comprise a combination 
of tWo or more embodiments as described herein. 

[0129] An inventive composition may comprise a combi 
nation of tWo or more embodiments as described herein. 

[0130] An inventive article may comprise a combination of 
tWo or more embodiments as described herein. 

FunctionaliZed Ole?n-Based Polymers 

1. Overview 

[0131] FunctionaliZed ole?n-based polymers include, but 
are not limited to, ole?n-based polymers functionaliZed With 
carboxylic acid, anhydride, alcohol, amine, epoxy, halogens, 
isocyanate, and other groups and combinations thereof. Func 
tionaliZed may occur along the ole?n-based polymer back 
bone, at the chain ends, as a block segment, and/or as a 
side-chain. 
[0132] In one embodiment, the functionaliZed ole?n-based 
polymer is a functionaliZed ethylene-based polymer, and 
preferably a functionaliZed ethylene/ot-ole?n interpolymer, 
that has a melt index (I2) greater than, or equal to, 0.5 g/lO 
min, preferably greater than, or equal to, l g/ l 0 min, and more 
preferably greater than, or equal to, 2 g/l 0 min, as determined 
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using ASTM D-1238 (190° C., 2.16 kg load). In another 
embodiment, the functionaliZed ole?n-based polymer is a 
functionaliZed ethylene-based polymer, and preferably a 
functionaliZed ethylene/ot-ole?n interpolymer, that has a melt 
index (I2) less than, or equal to, 50 g/ 10 min, preferably less 
than, or equal to, 20 g/10 min, and more preferably less than, 
or equal to, 10 g/10 min, as determined using ASTM D-1238 
(1900 C., 2.16 kg load). 
[0133] In another embodiment, the functionaliZed ole?n 
based polymer is a functionaliZed ethylene-based polymer, 
and preferably a functionaliZed ethylene/ot-ole?n interpoly 
mer, that has a melt index (I2) from 0.5 g/ 10 min to 50 g/ 10 
min, preferably from 1 g/ 10 min to 20 g/ 10 min, and more 
preferably from 2 g/ 10 min to 10 g/ 10 min, as determined 
using ASTM D-1238 (1900 C., 2.16 kg load). All individual 
values and subranges from 0.5 g/ 10 min to 50 g/ 10 min are 
included herein and disclosed herein. 
[0134] In another embodiment, the functionaliZed ole?n 
based polymer is a functionaliZed ethylene-based polymer, 
and preferably a functionaliZed ethylene/ot-ole?n interpoly 
mer, that has a density greater than, or equal to, 0.84 g/cc, 
preferably greater than, or equal to, 0.85 g/cc, and more 
preferably greater than, 0.86 g/cc. In another embodiment, 
the functionaliZed ole?n-based polymer is a functionaliZed 
ethylene-based polymer, and preferably a functionaliZed eth 
ylene/ot-ole?n interpolymer, that has a density less than, or 
equal to, 0.91 g/cc, preferably less than, or equal to, 0.90 g/cc, 
and more preferably less than, or equal to, 0.89 g/cc. 
[0135] In another embodiment, the functionaliZed ole?n 
based polymer is a functionaliZed ethylene-based polymer, 
and preferably a functionaliZed ethylene/ot-ole?n interpoly 
mer, that has a density from 0.84 g/ cc to 0.91 g/ cc, preferably 
from 0.85 g/cc to 0.90 g/cc, and more preferably from 0.86 
g/cc to 0.89 g/cc. All individual values and subranges from 
0.84 g/cc to 0.91 g/cc are included herein and disclosed 
herein. 
[0136] In another embodiment, the functionaliZed ole?n 
based polymer is an amine functionaliZed ole?n-based poly 
mer, preferably an amine functionaliZed ethylene-based poly 
mer, and more preferably an amine functionaliZed ethylene/ 
ot-ole?n interpolymer. In a further embodiment, the ot-ole?n 
is a C3 -C20 ot-ole?n, preferably a C3 -C10 ot-ole?n, and more 
preferably propylene, 1-butene, 1-hexene or 1-octene. 
[0137] In another embodiment, the functionaliZed ole?n 
based polymer is a hydroxyl functionaliZed ole?n-based 
polymer, preferably a hydroxy functionaliZed ethylene-based 
polymer, and more preferably a hydroxy functionaliZed eth 
ylene/ot-ole?n interpolymer. In a further embodiment, the 
ot-ole?n is a C3 -C20 ot-ole?n, preferably a C3-C10 ot-ole?n, 
and more preferably propylene, 1-butene, 1-hexene or 
1 -octene. 

[0138] In another embodiment, the functionaliZed ole?n 
based polymer is a hydroxyl functionaliZed ole?n-based 
polymer, preferably a hydroxy functionaliZed ethylene-based 
polymer, and more preferably a hydroxy functionaliZed eth 
ylene/ot-ole?n interpolymer. In a further embodiment, the 
ot-ole?n is a C3 -C10 ot-ole?n, preferably a C3-C10 ot-ole?n, 
and more preferably propylene, 1-butene, 1-hexene or 
1 -octene. 

[0139] In one embodiment, the functionaliZed ethylene 
based polymer is an anhydride functionaliZed ethylene-based 
polymer, and preferably an anhydride functionaliZed ethyl 
ene/ot-ole?n interpolymer, that has a melt index (I2) greater 
than, or equal to, 0.1 g/ 10 min, preferably greater than, or 
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equal to, 0.5 g/ 10 min, and more preferably greater than, or 
equal to, 1 g/ 10 min, as determined using ASTM D-1238 
(1900 C., 2.16 kg load). In another embodiment, the function 
aliZed ethylene-based polymer is an anhydride functionaliZed 
ethylene-based polymer, and preferably an anhydride func 
tionaliZed ethylene/ot-ole?n interpolymer, that has a melt 
index (I2) less than, or equal to, 50 g/ 10 min, preferably less 
than, or equal to, 20 g/ 10 min, and more preferably less than, 
or equal to, 10 g/10 min, as determined using ASTM D-1238 
(1900 C., 2.16 kg load). 
[0140] In another embodiment, the functionaliZed ethyl 
ene-based polymer is an anhydride functionaliZed ethylene 
based polymer, and preferably an anhydride functionaliZed 
ethylene/ot-ole?n interpolymer, that has a density greater 
than, or equal to, 0.84 g/cc, preferably greater than, or equal 
to, 0.85 g/cc, and more preferably greater than, 0.86 g/cc. In 
another embodiment, the functionaliZed ethylene-based 
polymer is an anhydride functionaliZed ethylene-based poly 
mer, and preferably an anhydride functionaliZed ethylene/0t 
ole?n interpolymer, that has a density less than, or equal to, 
0.91 g/cc, preferably less than, or equal to, 0.90 g/cc, and 
more preferably less than, or equal to, 0.89 g/cc. 
[0141] In another embodiment, the functionaliZed ethyl 
ene-based polymer is an anhydride functionaliZed ethylene 
based polymer, and preferably an anhydride functionaliZed 
ethylene/ot-ole?n interpolymer, that has a density from 0.84 
g/cc to 0.91 g/cc, preferably from 0.85 g/cc to 0.90 g/cc, and 
more preferably from 0.86 g/cc to 0.89 g/cc. All individual 
values and subranges from 0.84 g/ cc to 0.91 g/cc are includes 
herein and disclosed herein. 
2. Ole?n-based Polymers used as Base Polymer for Function 
aliZed Ole?n-Based Polymer 
[0142] Examples of ole?n-based polymers include high 
density polyethylene (HDPE), loW density polyethylene 
(LDPE), linear loW density polyethylene (LLDPE), linear 
ethylene/ot-ole?n interpolymers, substantially linear ethyl 
ene/ot-ole?n interpolymers, or ole?n multi-block interpoly 
mers. 

[0143] Suitable base polymers also include polypropylene 
homopolymers and propylene copolymers, and other ole?n 
based polymers, such as those formed from one or more 
C4-C20 alpha-ole?ns. The ole?n-based polymers may 
optionally contain copolymeriZable conjugated dienes, non 
conjugated dienes and/ or vinyl monomers. 

i) Ethylene-Base Polymers for FunctionaliZed Ole?n-Based 
Polymers 

[0144] Preferred maleic anhydride grafted polymers 
include the AmplifyTM polymers available from The DoW 
Chemical Company. Additional examples include FUSAB 
OND (available from DuPont), EXXELOR (available from 
ExxonMobil), and POLYBOND (available from Chemtura). 
[0145] In one embodiment, the maleic anhydride grafted 
polymer comprises from 0.3 Weight percent to 1.5 Weight 
percent grafted maleic anhydride, based on the total Weight of 
the grafted polymer. In a further embodiment, the maleic 
anhydride grafted polymer is a maleic anhydride grafted eth 
ylene-based polymer. In a further embodiment, the maleic 
anhydride grafted polymer is a maleic anhydride grafted eth 
ylene/ot-ole?n interpolymer. 
[0146] As discussed above, suitable ethylene-base poly 
mers include, for example, high density polyethylene 
(HDPE), linear loW density polyethylene (LLDPE), ultra loW 
density polyethylene (ULDPE), homogeneously branched 
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linear ethylene polymers, homogeneously branched sub stan 
tially linear ethylene polymers (that is homogeneously 
branched long chain branched ethylene polymers), and eth 
ylene or ole?n multi-block interpolymers. 
[0147] High density polyethylene (HDPE), useful as a 
polyole?n resin, typically has a density of about 0.94 to about 
0.97 g/cc. Commercial examples of HDPE are readily avail 
able in the market. Other suitable ethylene polymers include 
loW density polyethylene (LDPE), linear loW density poly 
ethylene (LLDPE), and linear very loW density polyethylene 
(VLDPE). Typically the loW density polyethylene (LDPE) is 
made under high-pressure, using free-radical polymerization 
conditions. LoW density polyethylene typically has a density 
from 0.91 to 0.94 g/cc. 
[0148] Linear loW density polyethylene (LLDPE) is char 
acterized by little, if any, long chain branching, in contrast to 
conventional LDPE. The processes for producing LLDPE are 
Well knoWn in the art and commercial grades of this polyole 
?n resin are available. Generally, LLDPE is produced in 
gas-phase ?uidized bed reactors or liquid phase solution pro 
cess reactors, using a Ziegler-Natta catalyst system. 
[0149] The linear loW density polyethylene (LLDPE), ultra 
loW density polyethylene (ULDPE), homogeneously 
branched linear ethylene interpolymers, homogeneously 
branched substantially linear ethylene interpolymer, or ole?n 
multi block interpolymers typically have polymerized therein 
at least one ot-ole?n. The term “interpolymer” used herein 
indicates the polymer can be a copolymer, a terpolymer or any 
polymer having more than one polymerized monomer. 
Monomers usefully copolymerized With ethylene to make the 
interpolymer include the C3-C20 ot-ole?ns, more preferably 
C3 -C10 ot-ole?ns, and especially propylene, 1-butene, 1-pen 
tene, 1-hexene, 4-methyl-1-pentene, 1-heptene and 1-octene. 
Especially preferred comonomers include propylene, 
1-butene, 1-hexene and 1-octene. 
[0150] Overall, suitable ethylene polymers have a melt 
index, 12, less than, or equal to, 1500 g/ 10 min, preferably 
less than, or equal to, 1000 g/ 10 min, more preferably less 
than, or equal to, 500 g/ 10 min, even more preferably less 
than, or equal to, 100 g/10 min, and mo st preferably less than, 
or equal to, 50 g/ 10 min as measured in accordance With 
ASTM 1238, Condition 190o C./2.16 kg. 
[0151] Commercial examples of suitable ethylene-base 
interpolymers include ENGAGETM, ATTANETM, AFFIN 
ITYTM, DOWLEXTM, ELITETM, all available from The DoW 
Chemical Company; EXCEEDTM and EXACTM available 
from Exxon Chemical Company; and TAFMERTM polymers 
available from the Mitsui Chemical Company. 
[0152] The terms “homogeneous” and “homogeneously 
branched” are used in reference to an ethylene/ot-ole?n inter 
polymer, in Which the ot-ole?n comonomer is randomly dis 
tributed Within a given polymer molecule, and substantially 
all of the polymer molecules have the same ethylene-to 
comonomer ratio. The homogeneously branched ethylene 
interpolymers that can be used in the practice of this invention 
include linear ethylene interpolymers, and substantially lin 
ear ethylene interpolymers. 
[0153] Included amongst the homogeneously branched lin 
ear ethylene interpolymers are ethylene polymers, Which lack 
long chain branching, but do have short chain branches, 
derived from the comonomer polymerized into the interpoly 
mer, and Which are homogeneously distributed, both Within 
the same polymer chain, and betWeen different polymer 
chains. That is, homogeneously branched linear ethylene 
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interpolymers lack long chain branching, just as is the case for 
the linear loW density polyethylene polymers or linear high 
density polyethylene polymers, made using uniform branch 
ing distribution polymerization processes. Commercial 
examples of homogeneously branched linear ethylene/ot-ole 
?n interpolymers include TAFMERTM polymers supplied by 
the Mitsui Chemical Company and EXACTTM polymers sup 
plied by ExxonMobil Chemical Company. 
[0154] The substantially linear ethylene interpolymers 
used in the present invention are described in Us. Pat. Nos. 
5,272,236; 5,278,272; 6,054,544; 6,335,410 and 6,723,810; 
the entire contents of each are herein incorporated by refer 
ence. The substantially linear ethylene interpolymers are 
those in Which the comonomer is randomly distributed Within 
a given interpolymer molecule, and in Which substantially all 
of the interpolymer molecules have the same ethylene/ 
comonomer ratio Within that interpolymer. In addition, the 
substantially linear ethylene interpolymers are homoge 
neously branched ethylene interpolymers having long chain 
branching. The long chain branches have the same comono 
mer distribution as the polymer backbone, and can have about 
the same length as the length of the polymer backbone. “Sub 
stantially linear,” typically, is in reference to a polymer that is 
substituted, on average, With 0.01 long chain branches per 
1000 carbons to 3 long chain branches per 1000 carbons. The 
length of a long chain branch is longer than the carbon length 
of a short chain branch formed from the incorporation of one 
comonomer into the polymer backbone. 

[0155] Some polymers may be substituted With 0.01 long 
chain branches per 1000 carbons to 1 long chain branch per 
1000 carbons, or from 0.05 long chain branches per 1000 
carbons to 1 long chain branch per 1000 carbons, or from 0.3 
long chain branches per 1000 carbons to 1 long chain branch 
per 1000 carbons. Commercial examples of substantially lin 
ear polymers include the ENGAGETM polymers and AFFIN 
ITYTM polymers (both available from The DoW Chemical 
Company). 
[0156] The substantially linear ethylene interpolymers 
form a unique class of homogeneously branched ethylene 
polymers. They differ substantially from the Well-knoWn 
class of conventional, homogeneously branched linear ethyl 
ene interpolymers, described by Elston inU.S. Pat. No. 3,645, 
992, and, moreover, they are not in the same class as conven 
tional heterogeneous Ziegler-Natta catalyst polymerized 
linear ethylene polymers (for example, ultra loW density 
polyethylene (ULDPE), linear loW density polyethylene (LL 
DPE) or high density polyethylene (HDPE) made, for 
example, using the technique disclosed by Anderson et al. in 
Us. Pat. No. 4,076,698); nor are they in the same class as 
high pres sure, free-radical initiated, highly branched polyeth 
ylenes, such as, for example, loW density polyethylene 
(LDPE), ethylene-acrylic acid (EAA) copolymers and ethyl 
ene vinyl acetate (EVA) copolymers. 
[0157] The homogeneously branched, substantially linear 
ethylene interpolymers useful in the invention have excellent 
processability, even though they have a relatively narroW 
molecular Weight distribution. Surprisingly, the melt ?oW 
ratio (110/12), according to ASTM D 1238, of the substantially 
linear ethylene interpolymers can be varied Widely, and 
essentially independently of the molecular Weight distribu 
tion (MM/Mn or MWD). This surprising behavior is com 
pletely contrary to conventional homogeneously branched 
linear ethylene interpolymers, such as those described, for 
example, by Elston in Us. Pat. No. 3,645,992, and heteroge 
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neously branched conventional Ziegler-Natta polymerized 
linear polyethylene interpolymers, such as those described, 
for example, by Anderson et al., in US. Pat. No. 4,076,698. 
Unlike substantially linear ethylene interpolymers, linear eth 
ylene interpolymers (Whether homogeneously or heteroge 
neously branched) have rheological properties, such that, as 
the molecular Weight distribution increases, the I 1O/I2 value 
also increases. 
[0158] “Long chain branching (LCB)” can be determined 
by conventional techniques knoWn in the industry, such as 
13C nuclear magnetic resonance (13C NMR) spectroscopy, 
using, for example, the method of Randall (Rev. Micromole. 
Chem. Phys., 1989, C29 (2&3), p. 285-297). TWo other meth 
ods are gel permeation chromatography, coupled With a loW 
angle laser light scattering detector (GPC-LALLS), and gel 
permeation chromatography, coupled With a differential vis 
cometer detector (GPC-DV). The use of these techniques for 
long chain branch detection, and the underlying theories, 
have been Well documented in the literature. See, for 
example, Zimm, B. H. and Stockmayer, W. H., J. Chem. 
Phys., 17,1301 (1949) and Rudin, A., Modern Methods of 
Polymer Characterization, John Wiley & Sons, NeW York 
(1991) pp. 103-112. 
[0159] In contrast to “substantially linear ethylene poly 
mer,” “linear ethylene polymer” means that the polymer lacks 
measurable or demonstrable long chain branches, that is, the 
polymer is substituted With an average of less than 0.01 long 
chain branch per 1000 carbons. 
[0160] The homogeneous branched ethylene polymers use 
ful in the present invention Will preferably have a single 
melting peak, as measured using differential scanning calo 
rimetry (DSC), in contrast to heterogeneously branched lin 
ear ethylene polymers, Which have tWo or more melting 
peaks, due to the heterogeneously branched polymer’s broad 
branching distribution. 
[0161] Homogeneously branched linear ethylene inter 
polymers are a knoWn class of polymers Which have a linear 
polymer backbone, no measurable long chain branching and 
a narroW molecular Weight distribution. Such polymers are 
interpolymers of ethylene and at least one ot-ole?n comono 
mer of from 3 to 20 carbon atoms, and are preferably copoly 
mers of ethylene With a C3-C10 ot-ole?n, and are more pref 
erably copolymers of ethylene With propylene, 1-butene, 
1-pentene, 1-hexene, 1-heptene or 1-octene, and even more 
preferably, propylene, 1-butene, 1-hexene or 1-octene. 
[0162] This class of polymers is disclosed for example, by 
Elston in US. Pat. No. 3,645,992, and subsequent processes 
to produce such polymers using metallocene catalysts have 
been developed, as shoWn, for example, in EP 0 129 368, EP 
0 260 999, US. Pat. No. 4,701,432; US. Pat. No. 4,937,301; 
US. Pat. No. 4,935,397; US. Pat. No. 5,055,438; and WO 
90/07526, each incorporated herein by reference. The poly 
mers can be made by conventional polymeriZation processes 
(for example, gas phase, slurry, solution, and high pressure). 
[0163] In a preferred embodiment of the invention, an eth 
ylene-based interpolymer is used as the base polymer in the 
grafting reaction. In a further embodiment, the ethylene 
based interpolymer is an ethylene/ot-ole?n interpolymer, 
comprising at least one ot-ole?n. In another embodiment, the 
interpolymer further comprises at least one diene. 
[0164] In one embodiment, the ethylene/ot-ole?n inter 
polymer has a molecular Weight distribution (MM/Mn) less 
than, or equal to, 10, and preferably less than, or equal to, 5. 
More preferably the ethylene/ot-ole?n interpolymers have a 
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molecular Weight distribution from 1.1 to 5, and more pref 
erably from about 1.5 to 4, or 1.5 to 3. All individual values 
and subranges from about 1 to 5 are included herein and 
disclosed herein. In a further embodiment, the ethylene/0t 
ole?n interpolymer is a homogeneously branched linear eth 
ylene/ot-ole?n interpolymer or a homogeneously branched 
substantially linear ethylene/ot-ole?n interpolymer. 
[0165] Comonomers include, but are not limited to, propy 
lene, isobutylene, 1-butene, 1-pentene, 1-hexene, 3-methyl 
1-pentene, 4-methyl-1-pentene, and 1-octene, non-conju 
gated dienes, polyenes, butadienes, isoprenes, pentadienes, 
hexadienes (for example, 1,4-hexadiene), octadienes, sty 
rene, halo-substituted styrene, alkyl-substituted styrene, tet 
ra?uoroethylenes, vinylbenZocyclobutene, naphthenics, 
cycloalkenes (for example, cyclopentene, cyclohexene, 
cyclooctene), and mixtures thereof. Typically and preferably, 
the ethylene is copolymeriZed With one C3 -C20 ot-ole?n. Pre 
ferred comonomers include propene, 1-butene, 1-pentene, 
1-hexene, 1-heptene and 1-octene, and more preferably 
include propene, 1-butene, 1-hexene and 1-octene. 
[0166] Illustrative ot-ole?ns include propylene, 1-butene, 
1-pentene, 1-hexene, 4-methyl-1-pentene, 1-heptene, 
1-octene, 1-nonene and 1-decene. The ot-ole?n is desirably a 
C3-C10 ot-ole?n. Preferably, the ot-ole?n is propylene, 
1-butene, 1-hexene or 1-octene. Illustrative interpolymers 
include ethylene/propylene (EP) copolymers, ethylene/ 
butene (EB) copolymers, ethylene/hexene (EH) copolymers, 
ethylene/octene (EO) copolymers, ethylene/ot-ole?n/diene 
modi?ed (EAODM) interpolymers, such as ethylene/propy 
lene/diene modi?ed (EPDM) interpolymers and ethylene/ 
propylene/octene terpolymers. Preferred copolymers include 
EP, EB, EH and E0 polymers. 
[0167] Suitable diene and triene comonomers include 
7-methyl-1,6-octadiene; 3,7-dimethyl-1,6-octadiene; 5,7 
dimethyl-1,6-octadiene; 3,7,1 1-trimethyl-1,6,10-octatriene; 
6-methyl-1,5heptadiene; 1,3-butadiene; 1,6-heptadiene; 1,7 
octadiene; 1,8-nonadiene; 1,9-decadiene; 1,10-undecadiene; 
norbornene; tetracyclododecene; or mixtures thereof; and 
preferably butadiene; hexadienes; and octadienes; and most 
preferably 1,4-hexadiene; 1,9-decadiene; 4-methyl-1,4 
hexadiene; 5-methyl-1,4-hexadiene; dicyclopentadiene; and 
5 -ethylidene-2 -norbomene (ENB). 
[0168] Additional unsaturated comonomers include 1,3 
butadiene, 1,3-pentadiene, norbornadiene, and dicyclopenta 
diene; C8-40 vinyl aromatic compounds including sytrene, 
o-, m-, and p-methylstyrene, divinylbenZene, vinylbiphenyl, 
vinylnapthalene; and halogen-substituted C8-40 vinyl aro 
matic compounds such as chlorostyrene and ?uorostyrene. 
[0169] In another embodiment, the ethylene/ot-ole?n inter 
polymer has amelt index (I2) from 0.01 g/10min to 1500 g/10 
min, preferably from 0.1 g/10 min to 1000 g/10 min, and more 
preferably from 0.5 g/ 10 min to 500 g/ 10 min, or from 1 g/ 10 
min to 100 g/ 10 min, as determined using ASTM D-1238 
(1900 C., 2.16 kg load). All individual values and subranges 
from 0.01 g/ 10 min to 1500 g/ 10 min are includes herein and 
disclosed herein. 
[0170] In another embodiment, the ethylene/ot-ole?n inter 
polymer has a percent crystallinity of less than, or equal to, 60 
percent, preferably less than, or equal to, 50 percent, and more 
preferably less than, or equal to, 40 percent, as measured by 
DSC. Preferably, these polymers have a percent crystallinity 
from 2 percent to 60 percent, including all individual values 
and subranges from 2 percent to 60 percent. Such individual 
values and subranges are disclosed herein. 
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[0171] In another embodiment, the ethylene/ot-ole?n inter 
polymer has a density less than, or equal to, 0.93 g/cc, pref 
erably less than, or equal to, 0.92 g/cc, and more preferably 
less than, or equal to, 0.91 g/cc. In another embodiment, the 
ethylene/ot-ole?n interpolymer has a density greater than, or 
equal to, 0.85 g/cc, preferably greater than, or equal to, 0.86 
g/cc, and more preferably greater than, or equal to, 0.87 g/ cc. 
[0172] In another embodiment, the ethylene/ot-ole?n inter 
polymer has a density from 0.85 g/cm3 to 0.93 g/cm3, and 
preferably from 0.86 g/cm3 to 0.92 g/cm3, and more prefer 
ably from 0.87 g/cm3 to 0.91 g/cm3 . All individual values and 
subranges from 0.85 g/cm3 to 0.93 g/cm3 are included herein 
and disclosed herein. 
[0173] In another embodiment, the ethylene/ot-ole?n inter 
polymer has a PRR greater than, or equal to, 4, preferably 
greater than, or equal to, 8, as described beloW. 
[0174] Interpolymer viscosity is conveniently measured in 
poise (dyne-second/ square centimeter (d-sec/cm2)) at shear 
rates Within a range of 0.1-100 radian per second (rad/ sec), 
and at 1900 C., under a nitrogen atmosphere, using a dynamic 
mechanical spectrometer (such as a RMS-800 or ARES from 
Rheometrics), under a dynamic sWeep made from 0.1 to 100 
rad/sec. The viscosities at 0.1 rad/ sec and 100 rad/sec may be 
represented, respectively, as VO_ 1 andVloo, With a ratio of the 
tWo referred to as RR and expressed as Val/V100. 
[0175] The PRR value is calculated by the formula: 
PRR:RR+[3.82—interpolymer Mooney Viscosity (ML1+4 at 
1250 C.)]><0.3. PRR determination is described in US. Pat. 
No. 6,680,361, fully incorporated herein by reference. 
[0176] In a one embodiment, the ethylene/ot-ole?n inter 
polymer has a PRR from 1 to 70, or from 4 to 70. In another 
embodiment, the ethylene/ot-ole?n interpolymer has a PRR 
from 4 to 70, or from 8 to 70. In another embodiment, the 
ethylene/ot-ole?n interpolymer has a PRR from 12 to 60, 
preferably from 15 to 55, and most preferably from 18 to 50. 
Current commercial ethylene/ot-ole?n interpolymers, having 
normal levels of LCB, typically have PRR values less than 3. 
In another embodiment, the ethylene/ot-ole?n interpolymer 
has a PRR less than 3, and preferably less than 2. In another 
embodiment, the ethylene/ot-ole?n interpolymers have a 
PRR from —1 to 3, preferably from 0.5 to 3, and more pref 
erably from 1 to 3. All individual PRR values and subranges 
from —1 to 70 are included herein and disclosed herein. 

[0177] T-type branching is typically obtained by copoly 
meriZation of ethylene, or other alpha ole?ns, With chain end 
unsaturated macromonomers, in the presence of a con 
strained geometry catalyst, under the appropriate reactor con 
ditions, such as those described in W0 00/ 26268, and equiva 
lent U.S. Pat. No. 6,680,361, Which are fully incorporated 
herein by reference. As discussed in WO 00/26268, as the 
level of T-type branching increases, the ef?ciency or through 
put of the manufacturing process decreases signi?cantly, until 
the point is reached Where production becomes economically 
unviable. T-type LCB polymers can be produced by metal 
locene catalysts, Without measurable gels, but With very high 
levels of T-type LCB. Because the macromonomer being 
incorporated into the groWing polymer chain has only one 
reactive unsaturation site, the resulting polymer only contains 
side chains of varying lengths, and at different intervals along 
the polymer backbone. 
[0178] H-type branching is typically obtained by copoly 
meriZation of ethylene, or other alpha ole?ns, With a diene 
having tWo double bonds, reactive With a nonmetallocene 
type of catalyst in the polymeriZation process. As the name 
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implies, the diene attaches one polymer molecule to another 
polymer molecule through the diene bridge, the resulting 
polymer molecule resembling an “H,” Which might be 
described as more of a crosslink, than a long chain branch. 
H-type branching is typically used When extremely high lev 
els of branching are desired. If too much diene is used, the 
polymer molecule can form too much branching or crosslink 
ing, causing the polymer molecule to become insoluble in the 
reaction solvent (in a solution process), and thus, causing the 
polymer molecule to fall out of solution, resulting in the 
formation of gel particles in the polymer. 
[0179] Additionally, use of H-type branching agents may 
deactivate metallocene catalysts and reduce catalyst e?i 
ciency. Thus, When H-type branching agents are used, the 
catalysts used, are typically not metallocene catalysts. The 
catalysts used to prepare the H-type branched polymers in 
US. Pat. No. 6,372,847 are vanadium type catalysts. 
[0180] T-type LCB polymers are disclosed in US. Pat. No. 
5,272,236, in Which the degree of LCB is from 0.01 LCB/ 
1000 carbon atoms to 3 LCB/1000 carbon atoms, and in 
Which the catalyst is a constrained geometry catalyst. Accord 
ing to P. Doerpinghaus and D. Baird, in The Journal ofRhe 
ology, 47(3), pp 717-736 May/June 2003, “Separating the 
Effects of Sparse Long-Chain Branching on Rheology from 
Those Due to Molecular Weight in Polyethylenes,” free radi 
cal processes, such as those used to prepare loW density 
polyethylene (LDPE), produce polymers having extremely 
high levels of LCB. For example, the resin NA952, in Table I 
of Doerpinghaus and Baird, is a LDPE prepared by a free 
radical process, and, according to Table II, contains 3.9 LCB/ 
1000 carbon atoms. Ethylene alpha ole?ns (ethylene-octene 
copolymers), available from The DoW Chemical Company 
(Midland, Mich., USA), that are considered to have average 
levels of LCB, include resins Af?nity PL1880 and Af?nity 
PL1840 of Tables I and II, respectively, and contain 0.018 and 
0.057 LCB/1000 carbon atoms. 

[0181] In one embodiment of the invention, the ethylene/ 
ot-ole?n component has T-type LCB levels greatly exceeding 
that of current, commercially available ethylene/ot-ole?n. 
Table 1A lists the LCB levels of various types of ethylene/0t 
ole?n interpolymers useful in the invention. In another 
embodiment, the ethylene/ot-ole?n interpolymers have a 
PRR greater than, or equal to 4. 
[0182] In another embodiment, the ethylene/ot-ole?n inter 
polymers have a PRR greater than, or equal to 4, preferably 
greater than, or equal to 8, and a molecular Weight distribution 
(MWD) of 1.1 to 5, preferably from 1.5 to 4.5, more prefer 
ably 1.8 to 3.8 and most preferably 2.0 to 3.4. All individual 
values and subranges from 1.1 to 5 are included herein and 
disclosed herein. In a further embodiment, the ethylene/0t 
ole?n interpolymers have a density less than, or equal to, 0.93 
g/cc, preferably less than, or equal to, 0.92 g/cc, and more 
preferably less than, or equal to, 0.91 g/ cc. In another embodi 
ment, the ethylene/ot-ole?n interpolymers have a density 
greater than, or equal to, 0.86 g/ cc, preferably greater than, or 
equal to, 0.87 g/cc, and more preferably greater than, or equal 
to, 0.88 g/cc. In another embodiment, the ethylene/ot-ole?n 
interpolymers have a density from 0.86 g/cc to 0.93 g/cc, and 
all individual values and subranges from 0.86 g/cc to 0.93 
g/cc are included herein and disclosed herein. 

[0183] In another embodiment, the ethylene/ot-ole?n inter 
polymers have a PRR greater than, or equal to 4, preferably 
greater than, or equal to 8, and a melt index, 12, greater than, 
or equal to, 0.1 g/10 min, preferably greater than, or equal to, 



US 2010/0292403 A1 

0.5 Q 10 min, or greater than or equal to 1.0 Q 10 min. In 
another embodiment, the ethylene/ot-ole?n interpolymers 
have a melt index, 12, less than, or equal to, 30 Q 10 min, 
preferably less than, or equal to, 25 Q 10 min, and more 
preferably less than, or equal to 20 Q 10 min. In another 
embodiment, the ethylene/ot-ole?n interpolymers have a melt 
index, 12, from 0.1 Q 10 min to 30 Q 10 min, preferably from 
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system described in Us. Pat. No. 6,369,176 fully incorpo 
rated herein by reference. EAO-7-1 Was prepared in dual 
reactors by the procedure described in WO 00/26268. EAO 
E-A Was prepared as described in Us. Pat. Nos. 5,272,236 
and 5,278,272. U.S. Pat. Nos. 5,272,236; 5,278,272; 6,680, 
361: and 6,369,176 are each fully incorporated herein by 
reference. 

TABLE 1A 

Ethylene/ot-Ole?n lnterpolymers 

Mooney Wt % Density 
EAO Viscosity MLRNMV PRR Comonomer(s) Ethylene Qcc 

T-Branches (LOW 
Levels) 

EAO-A 26.2 0.3 —2.9 butene 
EAO-B 48.6 1.2 —5.5 butene 

T-Branches (LoW to 
Commercial Levels) 

EAO-C 21.5 0.8 0.6 octene 

EAO-D 34.4 1.2 —0.8 octene 
EAO-E 34.1 1.2 —0.5 octene 
EAO-E-A 32 0 octene 58 0.86 

EAO-F 18.3 0.6 —0.5 butene 
T-Branches (High 
Levels) 

EAO-l 40.1 3.8 29 butene 87 0.90 
EAO-2 27 2.8 22 butene 
EAO-2-1 26 19 butene 87 0.90 
EAO-3 36.8 2.4 15 butene 
EAO-4 17.8 2.3 12 butene 
EAO-S 15.7 2.0 10 butene 
EAO-6 37.1 7.6 70 propylene 
EAO-7 17.4 3.4 26 69.5 Wt % ethylene/ 69.5 

30 Wt % propylene/ 
0.5% ENB 

EAO-7-1 20 21 propylene/diene 69.5 0.87 
EAO-8 26 45 propylene 70 0.87 
EAO-9 30 17 octene 70 0.88 
H-Branches 

EAO-G 24.5 10.9 76.8 Wt % ethylene/ 
22.3 Wt % propylene/ 
0.9% ENB 

EAO-H 27 7.1 72 72 Wt % ethylene/ 
22 Wt % propylene/ 
6% hexadiene 

EAO-l 50.4 7 1 71 Wt % ethylene/ 
23 Wt % propylene/ 
6% hexadiene 

EAO-J 62.6 8.1 55 71 Wt % ethylene/ 
23 Wt % propylene/ 
6% hexadiene 

Mooney viscosity: MILIM at 1250 C. 

0.1 Q 10 min to 20 Q 10 min, and more preferably from 0.1 
Q10 min to 15 Q 10 min. All individual values and subranges 
from 0.1 Q10 min to 30 Q 10 min are included herein and 
disclosed herein. 
[0184] Ethylene/ot-ole?n interpolymers suitable for the 
invention can be made by the process described in Us. Pat. 
No. 6,680,361 (see also WO 00/26268). A representative list 
of suitable interpolymers is shoWn in Table 1A beloW. The 
EAO-l, EAO-2-1, EAO-8 and EAO-9 Were prepared by the 
procedure described in W0 00/ 26268, using a mixed catalyst 

[0185] An ethylene-based polymer may have a combina 
tion of tWo or more embodiments as described herein. 

[0186] An ethylene/ot-ole?n interpolymer may have a com 
bination of tWo or more embodiments as described herein. 

ii) Propylene-Based Polymers for FunctionaliZed Ole?n 
Based Polymers 

[0187] Suitable propylene-based interpolymers include 
propylene homopolymers, propylene interpolymers, as Well 














































































































